Abstract -In this paper, we propose a new dynamical fuzzy modeling technique for SISO complex systems. It is seen that, the whole state-space of a complex system is divided into subspaces and a linear time-invariant (LTI) model is then used tu approximate the complex system in each subspace. However, the global dynamical fuzzy model of the complex system is derived by aggregating all subsystem poles and zeros using the weighted average fuzzy inference approach instead of aggregating all subsystem parameter matrices. The motivation of such a modeling technique is to make the system and its global dynamical fuzzy model have the same stability property. The eigenstructure-assignment for linear time varying (LTV) systems and sliding mode control technique are then used to design a controller to stabilize the new global dynamical fuzzy system. A simulation example is given in support of the new dynamical fuzzy modeling and control.
INTRODUCTION
In this paper, we propose a new dynamical fuzzy modeling technique for SISO complex systems. Like the T-S modeling technique, we first divide the whole state-space of the complex system into subspaces, and a LTI model is used to approximate the complex system in each subspace. We then, however, obtain the global fuzzy model by using the weighted average fuzzy inference approach to aggregate all subsystem poles and zeros instead of all subsystem parameter matrices.
The main purpose of the new fuzzy modeling technique proposed in this paper is to guarantee that the derived global dynamical fuzzy model and the corresponding complex system have the same stability property. It is noted that the stability is the most important feature to judge if a model can approximate the considered system very well. The theoretical background of this research is partially based on the concepts of series D-spectrum eigenvalues (SDeigenvalues) and parallel D-spectrum eigenvalues (PDeigenvalues) for LTV systems developed in recent years in
[I]- [3] . Using the classical factorization technique, a set of SD-eigenvalues can be obtained by factorizing the polynomial differential operator of a LTV system. It is shown in [ l ] that, if the real parts of all PD eigenvalues (or SD eigenvalues) have negative bounded extended means, the LTV system is asymptotically stable. In this paper, we will use these concepts to develop a new fuzzy modeling technique and explore the dynamical features of SISO complex systems. In order to stabilize the global dynamical fuzzy model, a Dsimilarity transformation is chosen first to transform the global model into two "separable" reduced-order systems.
The D-similarity transformation is actually a special case of Lyapunov transform, whicb can make the transformed system to retain the stability properly of the original LTV system after the transformation. 
where R' represents the ith fuzzy inference rule, m is the number of fuzzy inference rules, F, (j = I, 2, ..., n) are the fuzzy sets, U @ ) and y(t) are the input and output of the complex system, respectively, D is the differential operator: (2.2-a) is equivalent to the following system:
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, the ifh subsystem can be expressed by the following set of statespace equations: and use the weighted average fuzzy inference to aggregate all the subsystem poles and zeros, we then obtain the following global dynamical fuzzy model:
(2.7)
for i = 1, 2, ..., n-1
where 8,, y, and Care the biases. Similar to the state-space representation of the ith subsystem, the state-space equations of the global dynamical fuzzy model in (2.7) can be expressed as:
operator with locally Lehesgue-integrable coefficients ai(f), Remark 2.5: If the global fuzzy model in (2.9-a) and (2.9-h) is unstable, at least one of tbe n extended means em(Rep,(f)) does not satisfy (2.14). Remark 2.6 (2.14) implies that the bias 6, will affect the stability of the global fuzzy system model. If the global system is stable, 6 , should be chosen such that expression (2.14) should be satisfied, for i = I , 2, ..., n. If the global system is unstable, 6, should be chosen such that at least one ofthe SD eigenvalues does not satisfy (2.14). 
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(3.17-b) After the system dynamics reaches the sliding mode, a(r) = 0 and qr) = O . Therefore, from expression (3.13), the system dynamics on the sliding mode can be written as:
The stability analysis of system (3.18) on the sliding mode o(t) = 0 is given in the following lemma. Lemma 3.1: The state variable vector Z(t) in (3.18) is uniformly exponentially stable on the sliding mode a(r) = 0 if, for a given symmetric positive definite matrix (3.18) at) t c,I > 0 , there exists a symmetric positive definite matrix P(t) such that o < C J s qr) 5 C J vr t r , (3.19) [@w,(r) + S~MW,CO] 'w) = -Q(r) (3.20) where c, , c2 and c, are positiv'a finite numbers.
+ P(t)[G(t)W,(t) + G(r)A(r)W,(r)] + P(r)

Proof: See [9].
Remark 3.4: Lemma 3.1 has ;given a sufficient condition for matrix &r)w,(r) + qt)a(t)W,(t) I:O be stable. However, the stability of this matrix depends on the parameters o f a t ) and G(t). For practical application we may use the following eigenstructure-assignment method [3] to determine the update law of G(t). (ii) Obtain the update law of C(t) from the following differential Sylvester equation:
In step (i), p,(t) ... pJr) are the desired PD-eigenvalues, and Pm(t) ... Pd..,(r) the desired right PD-eigenvectors.
In order to obtain the detailed expression of the updating law of G(t) from (3.21), we first express A(t) of (2.9-b) into the following form:
w'(tj do and qr)w,(r) = [G,(r) 
Expression (3.26) gives the update law of matrixG,(t). Then the updating of G(t) is straight forward with proper initial values. Remark 3.5: We now discuss the bounded property of the following system from (3.13)
(3.27) According to Lemma 3.1, matrix A&) is uniformly exponentially stable, the transition matrix 4 A , ( t , r,) of the system in (3.27) is then hounded by the following exponential function [ I l l :
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(y> 0 and i ; > 0) (3.28) Then the solution of (3.27) satisfies the following inequality: The state-space equations in (4.3) can he transformed as follows:
On the sliding mode a(r) = 0, the closed-loop system satisfies the following equation:
Consider the control of an unstable SISO complex system, which is modeled as follows: respectively. It is seen that the global dynamical fuzzy system has been stabilized well using the control scheme developed in Section 3.
. CONCLUSIONS
A new fuzzy dynamical modeling technique for SISO complex systems has been developed in this paper. The key feature of this fuzzy modeling technique is to use the weighted average fuzzy inference approach to aggregate all subsystem poles and zeros, and the obtained new global fuzzy model can then have the same stability property as the considered SISO complex system. Also, the design of a sliding controller using only input and output measurements has been discussed in detail. Future work will he the extension of the proposed fuzzy modeling and control to general MIMO complex systems. 
